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Reliability of the 30-15 Intermittent Fitness Test for elite wheelchair 
rugby players. 
The purpose of this study was to investigate the test-retest reliability of a 
modified 30-15 Intermittent Fitness Test (30-15IFT-28m) with elite wheelchair 
rugby players. Ten elite wheelchair rugby players from the Australian 
Wheelchair Rugby team attended two testing sessions separated by a minimum 
of 48 hours. In each session, participants completed the 30-15IFT-28m. 
Participants’ final velocity (V30-15IFT-28m), peak heart rate (HRpeak), blood lactate 
([La]b) and rating of perceived exertion (RPE) were recorded. Results: There 
was high reliability for V30-15IFT-28m (ICC = 0.99, TE = 1.02, CV = 1.9%), 
HRpeak (ICC = 0.95, TE = 1.05, CV = 4.5%), [La]b (ICC = 0.98, TE = 1.05, CV 
= 5.5%), and RPE (ICC = 0.97, TE = 1.03, CV = 3.5%).  The smallest 
worthwhile change was 0.234 km.h-1which represents less than one level on the 
test. Significant agreement was found for V30-15IFT-28m, HRpeak, [La]b outcome 
measures through 95% LOA. The 30-15IFT-28m was found to be a reliable test to 
monitor anaerobic, aerobic and change of direction (COD) performance in 
wheelchair rugby players. 
Keywords: Paralympic, HIIT, Test-retest, Sport, Performance 
Introduction  
Wheelchair rugby (WR) is a Paralympic sport requiring players to compete over four 
eight-minute quarters.  It is physically demanding, involving frequent intermittent 
high-intensity movements, such as repeated high-speed sprints and changes of 
direction. These movements are separated by brief periods of low-intensity activity 
(Barfield, Malone, Arbo, & Jung, 2010). 
WR players cover an average of 4540.1 ± 817.4m during competitive 
international matches (Sarro, Misuta, Burkett, Malone, & Barros, 2010), and players 
spend 31% of a typical quarter in the very low speed zone [≤20% Velocity maximum 
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(Vmax)], 47% in the low speed zone (21-50% Vmax), 20% in the moderate speed zone 
(51-80% Vmax), 1.5% in the high speed zone (81-95% Vmax), and 0.5% in the very 
high speed zone (>95% Vmax) (Rhodes, Mason, Perrat, et al., 2015). Players from high 
ranked teams are able to sustain longer playing times (45:38 ± 9:53), have higher peak 
speed (3.56 ± 0.4m.s-1), spend greater time within high (2.9 ± 1.6%) and very high 
(0.7 ± 0.8%) speed zones and perform more high-intensity activities (0.9 ± 0.4), 
compared to players in middle and low ranked teams (Rhodes, Mason, Malone, & 
Goosey-Tolfrey, 2015). Therefore, to be successful, WR players require high levels of 
physical fitness (Rhodes, Mason, Malone, et al., 2015; Rhodes, Mason, Perrat, et al., 
2015; Sarro et al., 2010). 
WR players are classified into seven different classes (0.5 – 3.5) based on their 
level of disability, athletes with the highest level of disability are in the 0.5 class 
ranging to the 3.5 class where athletes have the least impairment (Federation, 
website). Depending on the disability, physiological responses, such as 
cardiorespiratory function, during training are different (Barfield et al., 2010). During 
training WR players achieve exercise intensities approximating 70% of heart rate 
reserve, which is sufficient to elicit improvement in cardiorespiratory fitness (Barfield 
et al., 2010). Therefore, it is necessary for WR players and coaches to be able to 
monitor improvement in performance markers, such as aerobic capacity, anaerobic 
capacity and repeat sprint ability (Carey, Drake, Pliego, & Raymond, 2007; Gabbett, 
King, & Jenkins, 2008; Morgulec-Adamowicz, Kosmol, Molik, Yilla, & Laskin, 
2011), after a period of training.  
Laboratory testing has previously been completed by WR athletes to measure 
markers of physiological fitness, such as VO2peak, exercise capacity, peak power 
output, and ventilatory threshold (V. Goosey-Tolfrey, 2010; V. L. Goosey-Tolfrey, 
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2005; Morgulec-Adamowicz et al., 2011). However, using specialised laboratory 
equipment has several disadvantages, such as high cost, limited availability and the 
technical expertise needed in conducting and interpreting the results of the test. 
Hence, field-based testing may be a preferred option, as large groups of athletes can 
be tested together in a relatively short period of time, and the test can be conducted in 
the competition environment of the sport (V. L. Goosey-Tolfrey & Leicht, 2013).  
Despite the benefits of field-based testing, most protocols are adapted from 
able-bodied (AB) sports, thus using these protocols on WR athletes may result in 
inaccurate, unreliable and invalid measures of performance (Yanci et al., 2015). 
Goosey-Tolfrey and Leicht (V. L. Goosey-Tolfrey & Leicht, 2013) examined the use 
of the multi-stage fitness test to predict endurance fitness of wheelchair athletes and 
reported reliable peak heart rate and final distance results, but high variability in 
aerobic capacity (V. L. Goosey-Tolfrey & Leicht, 2013). The reliability and 
reproducibility of a Yo-Yo 10m recovery test, which measures aerobic and anaerobic 
energy systems (Krustrup et al., 2003), for wheelchair basketball players (Yanci et al., 
2015), showed good reproducibility values, with an intraclass correlation coefficient 
(ICC) of 0.83 – 0.94. Whilst this test may be useful for monitoring fitness, it does not 
provide a measure that can be used for training prescription (Krustrup, Mohr, 
Ellingsgaard, & Bangsbo, 2005). 
The 30-15 Intermittent Fitness Test (30-15IFT) is useful for intermittent sport 
players, as it is highly specific to the movement patterns commonly performed in 
intermittent sports (Hart, Drevets, Alford, Salacinski, & Hunt, 2013; Hopkins, 2000). 
The 30-15IFT involves explosive muscular power, aerobic power and cardiovascular 
recovery capacity (Buchheit, 2010), and results in athletes achieving their elicit heart 
rate peak (HRpeak), VO2peak.  Additionally, reference speeds that can be used for 
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training prescription can be determined from this test (Buchheit et al., 2009). 
However, to date, studies using the 30-15 IFT have only examined AB athletes. WR 
is played on an indoor court that is 28m in length, therefore, a modified 30-15IFT (30-
15IFT-28m), that covers a distance of 28m with increased COD may be more relevant to 
WR. Recently, no significant differences between the 30-15IFT-28m and the 30-15IFT 
were reported (Haydar, Al Haddad, Ahmaidi, & Buchheit, 2011) suggesting that the 
30-15IFT-28m may be a useful test however this has yet to be shown in WR players.  
Therefore, the aim of this study was to determine the reliability of the 30-
15IFT-28m for elite WR players and furthermore to determine the reference measures of 
intermittent fitness of elite WR players. 
Methods 
Subjects 
Ten male wheelchair rugby players (31.8 ± 7.3 years) from the Australian Wheelchair 
Rugby Team participated in this study. Four players were in the 0.5 classification, two 
in the 2.0 classification and one each from the 1.0, 2.5, 3.0 and 3.5 classification 
(Table 1). All participants were informed of the requirements, procedures and risks 
associated with participation in the study and provided their written informed consent 
prior to participation. The study was approved by the Human Research Ethics 
Committee, University of Queensland, School of Human Movement and Nutrition 
Sciences. 
Experimental Design 
Testing sessions were conducted on two occasions separated by 48 hours. Participants 
were asked to refrain from strenuous physical activity and abstain from alcohol and 
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stimulants, such as caffeine-containing medications, food and beverages, 24 hours 
prior to each testing session. Participants were required to complete a training diary to 
confirm compliance. Participants were asked to consume a high carbohydrate meal 
(approximately 2 g.kg-1 carbohydrates) with 1 L of water, 2 hours prior to each 
scheduled testing session.  
Methodology 
Each testing session began with the participant completing a standardised warm up 
that included 10 minutes of low intensity activity and five intermittent accelerations 
and 20m sprints at approximately 80% intensity. The 30-15IFT-28m was performed on 
an indoor basketball court, with mean ambient temperature 25.2 ± 2.8oC. The 30-
15IFT-28m consisted of 45s stages, which included 30s of shuttles interspersed with 15s 
of passive recovery. Participants had to push back and forth between three lines, set at 
0m, 14m and 28m apart for 30s; they then moved to the nearest line to start the next 
stage during the recovery period. Participants maintained their pace in time with a 
pre-recorded audio signal, with an initial velocity set at 8.0km.h-1, which increased 0.5 
km.h-1 after each stage. They were instructed to complete as many stages as possible.  
The test was terminated when the participant could not maintain the imposed 
speed, or was unable to reach a 3m zone near each line when the audio signalled, 
consecutively three times. The velocity achieved on the last completed stage was 
recorded as V30-15IFT-28m. At the end of the test, the HRpeak, blood lactate ([La]b), and 
rating of perceived exertion (RPE) was recorded.  
Instrumentation 
The 30-15IFT-28m was carried out on a regular basketball court (28m in length). 
Participants completed the test in the wheelchair they used for regular competition 
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and training. At the end of the test, heart rate was measured using a heart rate monitor 
(FT1, Polar Electro, Öy, Kempele, Finland), rating of perceived exertion (RPE) was 
recorded using the Borg’s Scale (Linda S Pescatello; Ross Arena; Deborah Riebe; 
Paul D Thompson; Kelli Allen, 2014), and blood collected from earlobe samples was 
analyzed for lactate using a portable analyzer (Lactate Pro; ARKRAY, Inc., Kyoto, 
Japan). 
Statistical Analysis 
Data are presented as mean ± standard deviation (SD), or mean with 95% confidence 
interval (CI). To determine reliability, intraclass correlation coefficient (ICC), 
coefficient of variation (CV), and typical error of measurement (TE) was calculated 
using an online spreadsheet (Hopkins, 2015). Additionally, to measure agreement 
between trials and detection of bias, Bland-Altman 95% Limits of Agreement (95% 
LOA) was calculated using Prism 6 software (version 6.0e, La Jolla, CA). Threshold 
of CV was set at <5%, as a criterion to deem reliable. A paired sample t-test was 
calculated to determine if there was any significant difference between the ambient 
temperatures during the test sessions. Smallest worthwhile change (SWC) was 
calculated on the V30-15IFT-28m between trials (equal to 0.2 multiplied by the between 
subject SD, according to Cohen’s effect principle), as SWC was found to be 
significant in performance assessment due to the typical error generated during 






Descriptive statistics are shown in Table 1. Mean results for the four outcome 
measures were, V30-15IFT-28m 10.7 ± 1.7 km.h-1, HRpeak 129.5 ± 22.4 beats.min-1, blood 
lactate concentration 6.2 ± 2.1 mmol.L-1 and RPE 15.2 ± 2.7. Table 2 shows the 
normative values of average V30-15IFT-28m for each classification group.  
 
****insert Table 1 and 2 about here**** 
Reliability  
Relative reliability was high for the V30-15IFT-28m (ICC = 0.99, TE = 1.02) (Figure 1A). 
The absolute reliability for V30-15IFT-28m was found to have a CV value of 1.9%. Peak 
heart rate showed a slightly lower ICC of 0.95 and TE of 1.05, and a CV value of 
4.5% (Figure 1B). Blood lactate had high reliability (ICC = 0.98, TE = 1.05), and had 
a CV value of 5.5% (Figure 1C). RPE had high reliability (ICC = 0.97, TE = 1.03) 
and CV value of 3.5%. 95% LOA analysis found V30-15IFT-28m with bias 0.05 ± 0.28 
km.h-1 (-0.51, 0.61) (Figure 2A), HRpeak with bias -3.7 ± 8.47 beats.min-1 (-20.31, 
12.91) (Figure 2B), and [La]b with bias -0.16 ± 0.55 mmol.L-1(-1.24, 0.92) (Figure 
2C). The SWC calculated on the V30-15IFT-28m between trials was found to be 0.234.  
 
****insert Figures 1 and 2 about here**** 
Discussion 
The aim of this study is to investigate the test-retest reliability of a modified 30-15 
Intermittent Fitness Test (30-15IFT-28m) with elite wheelchair rugby players. The main 
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finding of this study was that the 30-15IFT-28m was a reliable test and is suitable for 
elite wheelchair rugby players. The CV of V30-15IFT-28m (1.9%), HRpeak (4.5%), and 
RPE (3.5%) were less than 5%, which is within the limits suggested to be appropriate 
for fitness testing (Turner et al., 2015). The CV of [La]b  (5.5%) is also accepted as a 
reliable score, as it is in line with the previously shown CV of 5.7% for the Lactate 
Pro (Tanner, Fuller, & Ross, 2010).  The reliability and variability of lactate 
measurement reliability can be can affected by sampling procedures, such as 
insufficient blood volume, dilution of blood sample by interstitial fluid, and 
instrumental error, causing proportional bias (Hart et al., 2013). RPE was lower when 
compared to AB athletes (Haydar et al., 2011). In upper-body exercises, athletes are 
most likely to experience peripheral fatigue before central fatigue, due to the smaller 
upper-limb muscle mass, hence resulting in a lower RPE. However, when compared 
to graded exercise testing on wheelchair athletes, the RPE was found to be similar 
(Leicht, Griggs, Lavin, Tolfrey, & Goosey-Tolfrey, 2014). Significant correlations 
were found for all four measures. These results demonstrate high reliability during 
repeated performance of the 30-15IFT-28m and are considered as ‘very large’ 
relationship (ICC > 0.9) for a physiological field test (Buchheit, 2010). Significant 
agreement was found between test and retest for V30-15IFT-28m (0.05 ± 0.28; -0.51, 
0.61), HRpeak (-3.7 ± 8.47; -20.31, 12.91) and [La]b (-0.16 ± 0.55; -1.24, 0.92) using 
the Bland-Altman 95% LOA analysis. Similar findings were found when agreement 
and bias were considered through percentage change (Figures 2D, 2E & 2F).  
The reliability of final velocity was similar to the reliability reported by 
Buchheit (Buchheit, 2010), who reported good reliability with CV of 1.7% among 20 
handball players. Furthermore, when compared to a previous study on wheelchair 
basketball players using the Yo-yo test [ICC = 0.94 (distance covered), 0.85 (HRpeak), 
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0.83 ([La]b)] (Yanci et al., 2015), the 30-15IFT-28m was found to be more reliable. 
Despite having a wide age range and participants from a range of classifications, the 
95% LOA showed no bias in terms of performance. Thus, 30-15IFT-28m test is 
applicable for WR players ranging from 20 – 44yrs, regardless of their classification.  
The reliability of HRpeak is greater than that previously reported (Buchheit, 
Lefebvre, Laursen, & Ahmaidi, 2011) and this may be due to the lower recorded 
HRpeak values. Lowered maximal heart rates of 110-130 beats per minute have 
previously been reported in athletes with spinal lesions (Bhambhani et al., 2010; V. L. 
Goosey-Tolfrey & Leicht, 2013). Athletes with a lesion at or above the fifth thoracic 
segment would have impaired cardiac function, such as decreased left ventricular 
heart mass and smaller left ventricular size, compared to AB individuals (Bhambhani 
et al., 2010). However, athletes with a lesion below the T5 would have normal 
responses (Bhambhani et al., 2010). In tetraplegic athletes, large variations in heart 
rate response have been noted when performing similar activities (Barfield et al., 
2010). Given the varying classification of WR players (0.5-3.5) included in this study, 
the higher HRpeak CV values and large spread in 95% LOA could be explained.  
Assessing the usefulness of the 30-15IFT-28m, SWC was found to be less than 
one level on the 30-15IFT-28m. Therefore, suggesting that a change of about one stage 
(i.e. 0.5 km.h-1) is considered significant, which is in agreement with previous 
findings (Buchheit, 2010). However, using a single SWC based on multiple athletes’ 
data would be unspecific for each individual athlete (Scott et al., 2015). This could be 
more appropriate for coaches in a field setting, as it would be impractical to determine 




The 30-15IFT-28m can be used to monitor athletes’ performance and determine the 
effectiveness of a training program over a pre-season, across a season, or during an 
off-season period. Using the final velocity attained, specific intensities can be used to 
individualise training prescription. Coaches can use the test as supplementary 
training, or modify components of the test to perform as a training drill to develop 
intermittent fitness and COD ability. Using the normative data as a reference, coaches 
can compare a player’s performance to the population, and also to determine which 
position suits the player. This test may also be applied to other intermittent wheelchair 
sports, such as wheelchair basketball.  
Conclusion 
This study has shown that the 30-15IFT-28m is a reliable test among WR players. 
Furthermore, it provided information to coaches on what may substantiate as a 





Barfield, J. P., Malone, L. A., Arbo, C., & Jung, A. P. (2010). Exercise intensity 
during wheelchair rugby training. Journal of Sports Sciences, 28(4), 389-398. 
doi:10.1080/02640410903508839 
Bhambhani, Y., Mactavish, J., Warren, S., Thompson, W. R., Webborn, A., Bressan, 
E., . . . Vanlandewijck, Y. (2010). Boosting in athletes with high-level spinal 
cord injury: knowledge, incidence and attitudes of athletes in paralympic 
sport. Disability and Rehabilitation, 32(26), 2172-2190. 
doi:10.3109/09638288.2010.505678 
Buchheit, M. (2010). The 30-15 Intermittent Fitness Test: a 10-year review. Myorobie 
Journal, 1, 1-9.  
Buchheit, M., Al Haddad, H., Millet, G. P., Lepretre, P. M., Newton, M., & Ahmaidi, 
S. (2009). Cardiorespiratory and cardiac autonomic responses to 30-15 
intermittent fitness test in team sport players. J Strength Cond Res, 23(1), 93-
100. doi:10.1519/JSC.0b013e31818b9721 
Buchheit, M., Lefebvre, B., Laursen, P. B., & Ahmaidi, S. (2011). Reliability, 
usefulness, and validity of the 30-15 Intermittent Ice Test in young elite ice 
hockey players. J Strength Cond Res, 25(5), 1457-1464. 
doi:10.1519/JSC.0b013e3181d686b7 
Carey, D. G., Drake, M. M., Pliego, G. J., & Raymond, R. L. (2007). Do hockey 
players need aerobic fitness? Relation between VO(2)max and fatigue during 
high-intensity intermittent ice skating. Journal of Strength and Conditioning 
Research, 21(3), 963-966.  
Federation, I. W. R. A Layperson's Guide to Wheelchair Rugby Classification.   
Retrieved from http://www.iwrf.com/?page=classification 
Gabbett, T., King, T., & Jenkins, D. (2008). Applied physiology of rugby league. 
Sports Medicine, 38(2), 119-138. doi:Doi 10.2165/00007256-200838020-
00003 
Goosey-Tolfrey, V. (2010). A complete guide for athletes, coaches, and teachers (V. 
Goosey-Tolfrey Ed.): Human Kinetics. 
Goosey-Tolfrey, V. L. (2005). Physiological profiles of elite wheelchair basketball 
players in preparation for the 2000 Paralympic Games. Adapted Physical 
Activity Quarterly, 22(1), 57-66.  
 
13 
Goosey-Tolfrey, V. L., & Leicht, C. A. (2013). Field-based physiological testing of 
wheelchair athletes. Sports Med, 43(2), 77-91. doi:10.1007/s40279-012-0009-
6 
Hart, S., Drevets, K., Alford, M., Salacinski, A., & Hunt, B. E. (2013). A method-
comparison study regarding the validity and reliability of the Lactate Plus 
analyzer. BMJ Open, 3(2). doi:10.1136/bmjopen-2012-001899 
Haydar, B., Al Haddad, H., Ahmaidi, S., & Buchheit, M. (2011). Assessing inter-
effort recovery and change of direction ability with the 30-15 Intermittent 
Fitness Test. Journal of Sports Science and Medicine, 10(2), 346-354.  
Hopkins, W. G. (2000). Measures of reliability in sports medicine and science. Sports 
Med, 30(1), 1-15.  
Hopkins, W. G. (2003). Log transformation for better fit. A new view of statistics.  
Retrieved from http://www.sportsci.org/resource/stats/index.html 
Hopkins, W. G. (2004, September 2011). How to interpret changes in athletic 
performance test. Sportscience.  Retrieved from 
http://www.sportsci.org/jour/04/wghtests.htm 
Hopkins, W. G. (2015). Reliability from consecutive pairs of trials In xrelyv4.xls 
(Ed.). Auckland: sportsci.org. 
Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A., . . . 
Bangsbo, J. (2003). The Yo-Yo intermittent recovery test: Physiological 
response, reliability, and validity. Medicine and Science in Sports and 
Exercise, 35(4), 697-705. doi:10.1249/01.Mss.0000058441.94520.32 
Krustrup, P., Mohr, M., Ellingsgaard, H., & Bangsbo, J. (2005). Physical demands 
during an elite female soccer game: Importance of training status. Medicine 
and Science in Sports and Exercise, 37(7), 1242-1248. 
doi:10.1249/01.mss.0000170062.73981.94 
Leicht, C. A., Griggs, K. E., Lavin, J., Tolfrey, K., & Goosey-Tolfrey, V. L. (2014). 
Blood lactate and ventilatory thresholds in wheelchair athletes with tetraplegia 
and paraplegia. Eur J Appl Physiol, 114(8), 1635-1643. doi:10.1007/s00421-
014-2886-x 
Linda S Pescatello; Ross Arena; Deborah Riebe; Paul D Thompson; Kelli Allen, e. a. 
A. C. o. S. M. (2014). ACSM's Guidelines for Exercise Testing and 
Prescription 
 (9th edition ed.): Philadelphia. 
 
14 
Morgulec-Adamowicz, N., Kosmol, A., Molik, B., Yilla, A., & Laskin, J. J. (2011). 
Aerobic, Anaerobic, and Skill Performance With Regard to Classification in 
Wheelchair Rugby Athletes. Research Quarterly for Exercise and Sport, 
82(1), 61-69.  
Rhodes, J. M., Mason, B. S., Malone, L. A., & Goosey-Tolfrey, V. L. (2015). Effect 
of team rank and player classification on activity profiles of elite wheelchair 
rugby players. Journal of Sports Sciences, 33(19), 2070-2078. 
doi:10.1080/02640414.2015.1028087 
Rhodes, J. M., Mason, B. S., Perrat, B., Smith, M. J., Malone, L. A., & Goosey-
Tolfrey, V. L. (2015). Activity profiles of elite wheelchair rugby players 
during competition. Int J Sports Physiol Perform, 10(3), 318-324. 
doi:10.1123/ijspp.2014-0203 
Sarro, K. J., Misuta, M. S., Burkett, B., Malone, L. A., & Barros, R. M. (2010). 
Tracking of wheelchair rugby players in the 2008 Demolition Derby trial. J 
Sports Sci, 28(2), 193-200. doi:10.1080/02640410903428541 
Scott, T. J., Delaney, J. A., Duthie, G. M., Sanctuary, C. E., Ballard, D. A., Hickmans, 
J. A., & Dascombe, B. J. (2015). Reliability and Usefulness of the 30-15 
Intermittent Fitness Test in Rugby League. J Strength Cond Res, 29(7), 1985-
1990. doi:10.1519/JSC.0000000000000846 
Tanner, R. K., Fuller, K. L., & Ross, M. L. R. (2010). Evaluation of three portable 
blood lactate analysers: Lactate Pro, Lactate Scout and Lactate Plus. European 
Journal of Applied Physiology, 109(3), 551-559. doi:10.1007/s00421-010-
1379-9 
Turner, A., Brazier, J., Bishop, C., Chavda, S., Cree, J., & Read, P. (2015). Data 
Analysis for Strength and Conditioning Coaches: Using Excel to Analyze 
Reliability, Differences, and Relationships. Strength and Conditioning 
Journal, 37(1), 76-83.  
Yanci, J., Granados, C., Otero, M., Badiola, A., Olasagasti, J., Bidaurrazaga-Letona, 
I., . . . Gil, S. (2015). Sprint, agility, strength and endurance capacity in 






Figure 1. Test-Retest correlation in (A) V30-15IFT-28m, (B) HRpeak and (C) [La]b.  
Figure 2. Bland-Altman difference 95% CI LOA of test-retest performance in (A) V30-
15IFT-28m, (B) HRpeak, and (C) [La]b. Bland-Altman 95% CI LOA percentage difference 
of test-retest performance in (D) V30-15IFT-28m, (E) HRpeak, and (F) [La]b. 
Table 1. Demographic information and descriptive statistics of participants 30-15IFT-
28m results 
Table 2. Normative data of 30-15IFT-28m   
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